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(21) PerncTpaunoHHbM HOMep 3aflBKn: 19 3014656/26 V 
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1995.11.27 

(56) AHanorn M3o6peTeHna: naTeHT CUJA N 4466931, 
Kn. B29D 27/04, 1984. 

(54) CnOCOE M3rOTOBJlEHMfl MEMBPAH 

M3o6peTeHne othocmtca k npon3BOACTBy cjDnnbTpyK)U4Mx MewiSpaH, b h3Cthocth acuMMeTpuHHbix nonynpoHnuaeMbix 
Meivi6paH, HanpnMep, pnn pa3AeneHkm cwieceii ra30B, 4DpaKi_inoHnpoBaHi/m pacTBopoB, o6eccojWBaHi/m BOflbi. CnocoS 
M3roTOBneHMfl Meivi6paH BKJiK)MaeT b ce6a CMeiunBaHne c pacTBopnTenewi onuroMepa, MOHOiwepa i/inn wx KOM6nHai4nn, 
c(DopMnpoBaHne CMecu btohkum enow, npoBeAeHwe nonnMepn3aL4MM npn i/iHi/mni/ipyK)LneM bo3agmctbmi/i, yflaneHMe 
pacTBopnTexifl. HoBM3Ha cnoco6a 3aKfiK)HaeTCfl b tom, hto (jDopwrnpoBaHiie cwiecu b tohkum cnofi ocyLuecTBJiflKrr wie>KAy 
ABywm noflno>KKaM m f npw stom ah* noflno>KKM co CTopoHbi 3aflaHHoro 6apbepHoro cnoa ncnonb3yK)T iviaTepnan c 
noBepxHOCTHbiM HaTfl>KeHMeM Ha rpannue wiaTepnan noflno>KKH cocTaBrm toman cwiecn MeHbiuuM, neivi Ha rpaHi/me 
iwaTepnan noA-no>KKH pacTBopnTerib. nonoKMTe/ibHbiii acjxjDeKT 3aKnK)HaeTcn b o6ecne4eHHHM nonyneHkm 
acuMMeTpMHHbix MeM6paH ctohkhm paGonwivi cnoeM, noBbiLueHMM npon3BOAHTenbHOCTM MeM6paH. 1 Ta6n. 
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* H3o&pejeHwe ojHOCMTCfl k npon3BOflCTBy cjDnnbTpyKDLMux MGM6paH, b MacTHocn/i acwMMeTptiMHbix nonynpoHnqaeMbix 
wieM6paH, Hanpuwiep, pjn* pa3fleneHMfl cMecew ra30B, cjDpaKunoHnpoBaHUfi pacTBopoB BbicoKO- m HM3KOMOJieKyjiapHbix 
BeLuecTEt, o6ecc9nnBaHnq BOAbi. 

M3BecTeH cnocoS M3roTOBneHMfl MeM6paH, bkti K>najo 1141/1 m CMeLUMBaHMe c pacTBopnTenewi nojiuiwepa, c^opMnpoBaHne 
cwiecM b tohkmm cnofi, Bbiflep>KKy Ha B03flyxe, oxjna>KAeHMe CMecw ao ypoBhm HM>Ke TeMnepaTypbi CTeKnoBaHiia, 
- yflajieHne pacTBopnTenn wcnapeHweM. 

HeflOCTaTKaMM TaKoro cnoco6a flBJiflKrrca AnnTenbHocTb h cxio>KHOCTb TexHunecKOM peanMsaqnii cepuMHoro 
n3roTOBneHnsq Meivi6paH t HeBOcnpon3BOAHMocTb nx 4>M3MHecKnx napaMeTpoB. 

Han6onee 6jim3kmm k M3o6peTeHMK) no TexHunecKofi cymHOcri/i HBrmeTCfl cnocoS n3roTOBJieHna MMKponopucTbix 
Meivi6paH, BKJiK)HaK)Li4iiM CMeujuBaHne c pacTBopnTenew onuroMepa mjim MOHOMepa, nnn nx KOMSnHaqnn, 
cf)opMMpoBaHMe CMecu b tohkum cnoft, npoBeAeHne nonnMepn3ai4nn npn MHMMnnpyHDLqeM bo3AG^ctbhh, yAaneHne 
pacTBopnTenfl. 

HeAOCTaTKOM 3Toro cnoco6a nsnnejca nonyneHne MeM6paH c nopaMM, pa3Mepbi KOTopbix oAHoro nop^AKa no Bcetf ee 
TonoiMHe, hto pe3KO CHMwaeT npon3BOAMTenbHocTb TaKnx Mewi6paH. 

3aAana M3o6peTeHYm o6ecneMeHne nonyneHM^ acMMMeTpuMHbix MewiSpaH c tohkum Me/iKonopwcTbiM SapbepHbiM 
pa6oHHM cnoeM, yBennneHne npon3BOAHTenbHOCTM MeM6paH 1/1 noBbnueHne Bocnpon3BOAHMOcrn. 

CymHocTb M3o6peTeHMfl 3aicnK)HaeTCfl b tom, mto b cnoco6e w3roTOBneHMfl MeM6paH, BK/iKwaiOLLieM cMeujMBaHne c 
pacTBopiueneM onwroMepa nrin MOHOMepa hjih mx KOM6nHai4MM, 4)opMnpoBaHMe CMecw btohkmm cjiow, npoBeAeHne 
nonnMepn3ai4nn npn MHnqnnpyjoLAeM BosAertcTBiw, yAaneHne pacTBopHTerm, cornacHO M3o6peTeHMK) cf>opMnpoBaHne 

CMeCH B TOHKMM CJIOM OCyLqeCTB/lfltOT Me>KAy AByMH nOAJlO^KaMM, npH 3T0M flJiq nOA/10>KKH CO CTOpOHbl 3aAaHHoro 

6apbepHoro cnoa ncnonb3yroT MaTepnan c noBepxHOCTHbiM HaTflKeHneM Ha rpaHnqe MaTepwan noA/io>KKn onuroMepHaa 
mjim MOHOMepHan, hjih orwoMep MOHOMepHa^ cocraB/iflKDLi^afl CMecu MeHbujMM, neM Ha rpaHnue MaTepi/ia/i noAno>KKM 
pacTsopnTerib, a f\nn noAno>KKM co cropoHbi 3aAaHHoro nopucToro cnoa ncnonb3yK)T MaTepna/i c noBepxHOCTHbiM 
HaT?i>KeHMeM Ha rpaHnue MaTepnan noAnoKKW onuroMepHaa nrin MOHOMepHaa, nnn onwroMep MOHOMepHaq 
cocTaB/i5iK)Li4afl CMecu 6onbLunM, neM Ha rpaHnqe MaTepnan noA-no>KKH pacTBopi/uerib. 

Mepoft B3anMOAePicTBMfl noBepxHocrw c >KHAKOCTbK) nBnnercn noBepxHOCTHoe HaTHweHiie, npn stom MeM Bbiiue aHeprna 
B3anMOAeticTBum, TeM HM>Ke noBepxHOCTHoe HaT^>KeHMe Ha rpaHnue noBepxHocrb->KMAKocTb. 

TaKMM 06pa30M ( B 3aBMCMMOCTM OT OHeprUM B3aMMOAeMCTBMfl Ha nOBepXHOCTM nOAnO>KKM MO>KeT npOMCXOAMTb 

KOHqeHTpn- poBaHwe nnn onuroMepa (MOHOMepa nnn onuroMep MOHOMepa) hjim pacTBopnTen^. B cnynae; KorAa 
noBepxHOCTHoe HaTfl>KeHMe Ha rpaHnqe pa3Aena MaTepnan noA-no>KKM onuroMepHasi cocraBfmHDLnafl CMecu MeHbiue 
noBepxHOCTHoro HaT?i>KeHHfl Ha rpaHnqe pa3Aena MaTepnan noAJio>KKM pacTBopnTenb, nponcxoAMT KOHqeHTpupoBaHne 
onuroMepa Ha rpaHi/ii_ie pa3Ae/ia. 3to npuBOAUT npn nojinMepn3ai_iMn k o6pa30BaHMK) Ha rpaHnqe pa3Aexia nnoTHoro 
MexiKonopucToro 6apbepHoro cno^. 

B npoTMBonono>KHOM cnynae Ha rpaHnqe pa3Aena ko h i4e HTpn py eTCH pacrBopMTenb m o6pa3yeTCP OTHOCMTenbHo 
ToncTbiM KpynHonopucTbiM enow. 

ripoBeAeHne 4)opMnpoBaHHfl CMecu Me>KAy AByMfl n o a/i o>KKa m 1/1 c pa3HOM aHeprnew B3anMOAewcTBHfi o6ecneMMBaeT 
nonyMeHMe aci^MMeTpuMHOM MeM6paHbi c tohkmm MenKonopucTbiM SapbepHbiM cnoeM. 

BenuMMHy noBepxHOCTHoro HaTa>KeHiifl oqeHMBaroT no KanwnrmpHOMy noAH^TMto >kmakocth, Me>KAy napannenbHbiMM 
nnacTMHaMM, ncnonb3yeMbix MaTepnanoB, coahom CTopoHbi, m Bbipa>KeHnq 

h 2a •cosB (1) rAe _ w noBepxHOCTHoe HaTfl>KeHMe Ha rpaHnue ra3->KMAKOCTb; 

r* — hc '~ m 

d*<P-p >g Q 
o 

d paccTOfiHMe Me>KAy nnacTMHaMn; 

0 yron cmb^\abbh\a9\ MaTepnana >KMAKOCTb»o; 



p nnoTHOCTb >kmakoctm; 
« nnoTHOCTb ra3a; 
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C APyrofi croponbi, noBepxHOCTHoe H3Tfl>KeHne Ha rpaHnqe MaTepna/i-B03Ayx CBH3aHO c yrnowi CMannBaHnq 
>KMflKocTbK> MaTepnana n noBepxHOCTHbiwi h3tsi>kgh i/iewi Ha rpaHwqax B03flyx->KMAKocTb ^j r M h MaTepwan->KHAKOCTb ^j M _^, 
33KOHOM \Onra 

<jM-r (Jm->k + (Jr-K COS 0- ( 2 ) 

143 cooTHOLiieHMM (1) n (2) BbueKaeT Bbipa>KeHMe Ann onpeAejieHwn BexiMHUHbi noBepxHOCTHoro HaT?i>KeHMq Ha rpaHime 
MaTepnan->KMAKOCTb 

d-a-i h . d W o)9 (3) 

fljia KOHKpeTHoro MaTepuana BenuMWHa noBepxHOCTHoro HaTflweHUfl Ha rpaHnue pa3Aena MaTepnan-B03Ayx nocTOHHHa, 
noaTOMy bo3mo>kho cpaBHeHi/ie noBepxHOCTHoro HaTH>KeHi/m Ha rpaHwqe pa3Aena m aTe p n a ji->ki/i a KOCTb ah* OAHoro 
MaTepnana no BbicoTe KanwirmpHoro noAHflTwa pa3nnHHbix >KMAKOCTeM. 

MeM wieHbiue BennnnHa (<j M _ r - q- m .>k). "rewi Bbime ^j M .^ n, cooTBeTCTBeHHO yBennneHne ( q-m^q-m.*) roBopwT 06 

yMeHbllieHMM fYM^* 



ripeAJiaraeMbiw cnocoS w3roTOB/ieHi/m acuMMeTpwHHbix MeM6paH peanii3yeTCfl cneAytoujiiM o6pa30M. 

ToTOBflT ko m n 03 w 141/1 kd CMeweHHeM 55 06. 0C,UJ AnweTaKpunaT 6nc3TwneHrnnKOJibKap6oHaT AMSTuneHrriMKOJifl TY-113- 

03-617-87 n 45 06. STM/iOBoro cnnpTa. rioc/ie nepewieLUMBaHMP cwiecb OTnnBaK)T wie>KAy nonn3TnneHOBOM 1/1 
no/iM3TMneHTepect)TanaTHOM noAno>KKaMM m cfcopMHpyKDT paBHOMepHbm tohkmm cjiom. rioone 3Toro npoBOAflT 
nonnMepM3auMK) onuroMepHOM cocraBnflKDLLietf CMecu npn wHWL4nnpyK>LneM B03AewcTBtn/i, HanpuMep, oOnynaroT nyn kom 
ycKopeHHbix sjieicrpoHOB c sHepmew 5 msB h tokom 100 mkA b TeneHne 3 mmh (nomoLneHHa* A03a 3,3 M paA). 3aTewi 
ncnapeHneM yAanflKrr STunoBbiw cnwpT. B pe3yribTaTe nojiynaKDT acHMMeTpiiHHyto wieM6paHy c nnoTHbiM SapbepHbiM 
noBepxHOCTHbiwi cnoewi tojilmhhow 1 mkm co CTopoHbi nojiM3TnneHTepec|DTariaTHOM nneHKM h nopwcTotf ochobom co 
cropoHbi nonMSTMneHa. 

flrifl Harn^AHOCTM cooTHOweHiifl no noBepxHOCTHbiwi HaTflweHiifiM Ha rpaHMuax iicnonb3yeMbix b npuwiepe MaTepnanoB 
CBeA©Hbi b Ta6nni4y. 

B qen^x ynyHweHHH MexaHMMecKOw npoHHOCTH wieM6paHbi 4>opMwpoBaHwe btohkmm cnofi ocy ihsctbji h jot nponnTKOti 
Bbi6paHHoCi civiecbto CTe kti oceT k h . B stom cnynae TaK>t<e nonynaKDT acuMMeTpuHHyK) Mewi6paHy c SapbepHbiM cnoeM, ho 

apMMpOB3HHyK) CGTKOM. 

FlpoBeAeHHbie SKcnepuwieHTajibHbie pa6oTbi no M3roTOBneHiiK> Mewi6paH c pa3rwMHbiMH noAno>KKaMH, onwroMepHbiMM, 

MOHOMepHbIMM, OJlMrOMep-MOHOMepHblMH COCTaBrmK)LL|l1MM CMeCH, paCTBOpHTeJlSMM H npM pa3J1MHHblX MHML4MMpyK)LL4MX 

no/iMMepM3aL4MK) B03AeMCTBMflx noKa3biBa»OT ycTOMMMBbiw scjDcjDeKT o6pa30BaHw* aci/iwiMeTpi/iHHbix Mewi6paH c 

MeJlKOnOpMCTblM 6apbepHblM CJlOeM TOJIIUMHOM OKOflO 1 MKM, TOJlbKO npM C06JlK)AeHMM yCJlOBUfl COOTHOLUeHMM 

nosepxHocTHbix HaTflKeHMM Ha rpaHnqax noAno>KKa cocraBJiajOLiiaa CMecu h noA/io>KKa pacrBopnTe/ib. 

3tmm ycnoBneM flBJiaeTCfl to, hto f\n9\ noAJno>KKH co CTopoHbi 3aAaHHoro 6apbepHoro cnofl ncnoiib3yK)T MaTepnan c 
noBepxHocTHbiM HaT^>KeHMeM Ha rpaHMqe MaTepnan noAJio>KKM cocTaBn?iK)LL|afl CMecu MeHbLUMM, neM Ha rpaHMLje 
MaTepnan noAJio>KKM pacTBopnTenb, a a^^ noAJio>KKM co cropoHbi 3aAaHHoro nopucToro cnoa ncnorib3yK)T MaTepnan c 
noBepxHocTHbiM HaTH>KeHiieM Ha rpaHnqe MaTepnan noAno>KKn cocTaBrmK>Lnafl CMecu 6onbLUMM, neM Ha rpaHnue 
MaTepwan noAJno>KKH pacTBopnTenb. 

rionyMeHHbie no npeAnaraeMOMy cnoco6y acuMMeTpuHHbie MeM6paHbi o6/iaAaK>T t3kom CTpyirrypoM 6apbepHoro cnoa w 
pa3MepoM ee nop, KOTopbie no3BormK)T ncnonb30BaTb nx An^ pa3AeiieHMfl CMecefi ra30B, 4)paKLiiiOHMpoBaHMq 

paCTBOpOB, 06eCC0flMBaHMq BOAbl. 

BnaroAap^ yMeHbLueHuro TonainHbi paSosero cnoa MeM6paHbi o6ecneMMBaeTCfi yBennMeHne nponycKHoti cnoco6HOCTM. 

OOPMYJ1A H30BPETEHHfi 



CnOCOB !/I3rOTOBJlEHM?l MEMBPAH, BKHK)HaK)LL|MM CMeujeHne onuroMepa h/mjim MOHOMepa c pacTBopnTeneM, 
cjDopMMpoBaHne CMecu, npoBeAeHMe nonnMepn3ai-iiiM npn MHHunnpyjouaeM B03AeMCTBMH m yAaneHne pacTBopnTe/i^, 
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' * omnaajgiuMMC^TeM, hto <J>opMnpoBaHne civiecn ocyLnecTBrmioT Me>Kfly flBywin noAno>KKaMn c o6pa30BaHnewi AByx 
cnoeB, npn stom Arm nepBotf n<wio>KKM, pacnoxiOKeHHOw co cropoHbi 6apbepHoro cnoa, wcnonb3yK)T MaTepnan c 
noBepxHpCTHbiM HaTn>KeHMeM Ha rpaHnue MaTepnan noflno>KKM onuroiviepHan n/birw MOHOwiepHan cocTaB/ifljoLiiafl cMecu 

. MeHboiMM, neivi Ha rpaHnqe MaTepnan noAno>KKn - pacTBopwTeiib, a ana btopom noAno>KKM, pacnono>KeHHOM co cropoHbi 
nopucToro cnoa, wcnonb3yK)T MaTepnan c noBepxHocnmbiM HaTfl>KeHMeM Ha rpaHnqe wiaTepnan nofljio>KKM - 
onuroMepHafl m/mhh MOHOMepHaa cocTaBJiflK)LL|afl cwiecn 6onbLUMM, qewi Ha rpaHnqe MaTepnaxi nofliiOKKM 

^ pacTBopnTexib. 
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(54) MEMBRANE MANUFACTURE METHOD 

The invention relates to the production of filtration mem- 
branes, particularly asymmetrical semi-permeable membranes, 
for example, for the separation of gas mixtures, fractiona- 
tion of solutions, desalination of water. The method of 
manufacturing membranes comprises mixing an oligomer, mono- 
mer or their mixture with a solvent, shaping the mixture 
into a thin layer, carrying out initiated polymerization, 
and removing the solvent. The novelty of the method is that 
the shaping of the mixture into a thin layer is carried out 
between two substrates, for the substrate from the side of a 
preset barrier layer use being made of a material with the 
surface tension at the substrate material/mixture component 
boundary being smaller than at the substrate mate- 



8 

4 

rial/solvent boundary. Positive effect consists in ensuring 
the provision of asymmetrical membranes with a thin working 
layer and in increasing the throughput capacity of mem- 
branes. 1 table. 
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